Direct or new oral anticoagulants (NOACs), including the direct thrombin inhibitor dabigatran and the direct factor Xa inhibitors rivaroxaban, apixaban, and edoxaban, have recently revolutionized the field of antithrombotic therapy for stroke and systemic embolism prevention in nonvalvular atrial fibrillation (NVAF). Randomized controlled trials have shown that these agents have at least comparable efficacy with vitamin K antagonists along with superior safety, at least in what concerns intracranial hemorrhage. As a result, NOACs are indicated as first-line anticoagulation therapy for NVAF patients with at least one risk factor for stroke or systemic embolism. The rapid introduction, however, of NOACs in a field dominated for decades by vitamin antagonists and the variety of agents and dosing schemes may create difficulties in decision making. In the present article, we attempt to determine a practical approach to the choice of agent and dose in different clinical scenarios by considering not only the results of seminal randomized trials and post hoc analyses but also data from real-world patient populations as well as the recently available possibility of rapid NOAC reversal.
Introduction
The class of direct or new oral anticoagulants (NOACs) has recently revolutionized the field of antithrombotic therapy by providing a handful of novel agents with adequate efficacy, enhanced safety, and unparalleled usability for a spectrum of clinical indications, including stroke and systemic embolism prevention in nonvalvular atrial fibrillation (NVAF) and prevention and treatment of deep vein thrombosis and pulmonary embolism. In the field of NVAF, in particular, NOACs, including the direct thrombin inhibitor dabigatran and the direct factor Xa inhibitors rivaroxaban, apixaban, and edoxaban have shown at least comparable efficacy with vitamin K antagonists (VKAs) coupled with superior safety, at least in what concerns intracranial hemorrhage [1] [2] [3] [4] [5] . The seminal randomized controlled trials that provided the key evidence on the efficacy and safety of NOACs for stroke and systemic embolism prevention in NVAF compared to VKAs are summarized in Table 1 . Given the results of these trials, guidelines currently recommend NOACs as first-line anticoagulation therapy for NVAF patients with one or more risk factors for stroke or systemic embolism [6] .
With the introduction and the steadily increasing use of NOACs in a field that had been dominated by VKAs for several decades, a number of treatment algorithms have been developed and published to guide clinicians in choosing the right anticoagulant for the right patient with NVAF [7] [8] [9] [10] . These algorithms are mainly based on evidence provided by clinical trials of NOACs and some of them are quite complicated and difficult to follow. In addition, agents that reverse rapidly the action of NOACs are becoming available and this development should also be taken under consideration. Therefore, there is a need for a practical guide for the use of NOACs in NVAF that would incorporate clinical trial data but also real-world evidence, take into consideration the possibility of rapid NOAC reversal, and provide a simple but not oversimplified approach to decision making in this demanding field of clinical medicine.
Evidence on Key Efficacy and Safety Outcomes by Randomized Controlled Trials
In terms of efficacy, all 4 NOACs have been found to be at least non-inferior to warfarin in preventing stroke and systemic embolism [1] [2] [3] [4] [5] 11] , while dabigatran 150 mg twice daily (BID) and apixaban have been proved superior to warfarin for this very endpoint. In terms of safety, all 4 NOACs have been associated with a lower risk of intracranial hemorrhage compared with warfarin. In what concerns the risk of major bleeding, NOACs have proved at least comparable to warfarin, while dabigatran 110 mg BID, apixaban, and edoxaban have been associated with a lower risk. In gastrointestinal bleeding, dabigatran 110 mg BID and apixaban have been associated with a similar risk, edoxaban 30 mg once daily (OD) with a lower risk and dabigatran 150 mg BID, rivaroxaban and edoxaban 60 mg OD with an increased risk when compared to warfarin. Finally, in terms of mortality, there was no difference between warfarin and either rivaroxaban or edoxaban, while data from apixaban, as well as pooled data from dabigatran were indicative of reduced mortality [2, 3] . The outcome of randomized controlled trials comparing NOACs with VKAs in terms of key efficacy and safety endpoints is summarized in Table 2 .
The documented safety of NOACs have further been enhanced by the recent development of reversal agents that provide rapid reversal of anticoagulation action either in case of emergent invasive procedures or in the event of life-threatening or uncontrolled bleeding. More specifically, idaricizumab, a humanized monoclonal antibody specific for dabigatran, neutralizes the anticoagulant effect of dabigatran within minutes and has been ap- proved for clinical use in Europe and the United States since 2015 [12] . The second reversal agent that has been developed is andexanet alpha, a recombinant modified factor Xa that acts as a decoy by competitively binding with all factor Xa inhibitors. Clinical evidence is encouraging, but the agent has not yet been approved for clinical use [13] .
It should be stressed that patients with valvular AF, defined as hemodynamically relevant valve disease (RE-LY) or moderate to severe mitral stenosis (ARISTO-TLE, ROCKET AF and ENGAGE AF) were excluded from the aforementioned trials [1, [3] [4] [5] . Regarding valve prostheses, patients with any prosthetic valves were excluded from RE-LY (dabigatran) and ROCKET AF (rivaroxaban), while bioprosthetic valves were allowed in ARISTOTLE (apixaban) and ENGAGE AF-TIMI 48 (edoxaban) according to study protocols [1, [3] [4] [5] . In addition, patients having undergone annuloplasty, with or without prosthetic ring, commissurotomy, and/or valvuloplasty were permitted in ROCKET AF and those with any valve repair were also allowed in ENGAGE AF [4, 5] .
Regarding the concomitant use of antiplatelet agents, low-dose aspirin monotherapy was generally allowed in all seminal NOAC trails, while patients in need of higher aspirin dose (> 100 mg [ROCKET AF] or > 165 mg [ARISTOTLE]) or dual antiplatelet therapy had been excluded [1, [3] [4] [5] .
Real-World Comparative Evidence for NOACs
The major randomized trials that established the efficacy and safety of NOACs compared these agents with warfarin as the previous standard of care. Therefore, evidence on head-to-head comparison of different NOACs is limited and has been derived mainly by observational studies or registries. Although these studies bear several inherent limitations and therefore their results should be interpreted with caution, they provide real-world data that may be more representative of patients treated in everyday clinical practice, particularly when based on large cohorts.
In a recent meta-analysis of 17 observational studies comparing rivaroxaban, dabigatran, and warfarin, rivaroxaban was as efficacious as dabigatran for the prevention of stroke or systemic embolism (hazard ratio [HR] 1.02; 95% CI 0.91-1.13), but it was associated with an increased risk of major bleeding (HR 1.38; 95% CI 1.27-1.49), gastrointestinal bleeding (HR 1.33; 95% CI 1.18-1.48), and all-cause mortality (HR 1.23; 95% CI 1.12-1.33) when compared with dabigatran [14] . However, there was no difference between the 2 agents in the risk of acute myocardial infarction or intracranial hemorrhage.
A propensity score-weighed prospective analysis of nationwide data from 3 Danish registries on 61,678 patients with NVAF who were new users of either a NOAC (dabigatran, apixaban, or rivaroxaban) at standard doses or warfarin, showed that dabigatran and apixaban were associated with a significantly lower risk of any bleeding (intracranial, major gastrointestinal, or traumatic intracranial) and major bleeding compared with rivaroxaban or warfarin at 1 year (adjusted HR for major bleeding, An American Food and Drug Administration study analyzed retrospectively data from 118, 891 elderly Medicare beneficiaries aged ≥65 years with NVAF treated with 
Specific Anticoagulants for Specific Patient Profiles
The selection of anticoagulation agents may be individualized based on patient characteristics and the results of the aforementioned randomized controlled trials and large observational studies. More specifically, in NVAF patients with labile international normalized ratio (INR) values or in those who were unable to check INR regularly, one of the 4 NOACs should be prescribed. In patients with incident stroke or thromboembolic event while on VKA therapy, NOACs with superior efficacy than VKAs in preventing ischemic and hemorrhagic stroke should be selected, namely, dabigatran 150 mg BID or apixaban. In patients with severe renal dysfunction with estimated glomerular filtration rate (eGFR) values < 15 mL/min/1.73 m 2 Although the use of NOACs has not been assessed in randomized trials comparing patients with and without bleeding history or with high and low-risk of bleeding, according to available evidence from the previously described randomized trials and observational studies, patients with a history or a high risk of gastrointestinal bleeding should rather be treated with dabigatran 110 mg BID, apixaban, or edoxaban. The same may further apply to patients an increased hemorrhagic risk, as defined by a HASBLED score of 3 or higher. When there are additional safety concerns, it should be taken under consideration that dabigatran is for the time being the only agent with an approved reversal agent. In elderly patients aged > 80 years, the most suitable agents are dabigatran 110 mg BID, rivaroxaban, or apixaban. Patients with recent stroke and nasogastric tube due to dysphagia should be treated with rivaroxaban (15 or 20 mg based on creatinine clearance), since direct administration of dabigatran or apixaban to the nasograstic tube is not safe. Finally, drug-to-drug interactions should be considered in patients receiving other essential medications, as for example, in cancer patients with atrial fibrillation [17] . More specifically, VKA should be used cautiously in the presence of a long list of agents that either increase or decrease INR. In the case of NOACs, drug-to-drug interactions are numerically less and mainly concerns agents that affect cytochrome CYP3A4 or P-glycoprotein. The most suitable NOACs for specific patient profiles are summarized in Table 3 .
A Practical Approach to Dosing
In clinical practice, dosing of NOACs seems to be rather frequent and may have important clinical sequelae. One out of 8 patients with NVAF treated with target-specific NOACs in a practice-based registry received doses other than those recommended in Food and Drug Administration-approved labels [18] . Apixaban was the most common NOAC that was under-dosed. Patients given doses that were higher than recommended exhibited greater all-cause mortality, and those receiving lower than recommended doses had more cardiovascular hospitalizations than those prescribed the recommended doses of these agents.
Two different dosing regimens of dabigatran were tested in the seminal RE-LY trial [1] . The 150 mg BID regimen was proved to be more efficacious than warfarin in preventing stroke and systemic embolism, with a similar risk of major bleeding, while the 110 mg BID regimen had a similar efficacy with warfarin but with enhanced safety regarding major bleeding. In patients requiring oral anticoagulation, as defined by a CHA 2 DS 2 VASc score of 1 or higher and no contraindication because of impaired renal function (eGFR < 30 mL/min/1.73 m the choice may be further guided by the risk of bleeding as defined by the HASBLED score; patients with a HASBLED score lower than 3 should receive 150 mg BID, while those with a HASBLED score of 3 or higher may be treated with 110 mg BID. This approach is outlined in Figure 1 . The standard doses for rivaroxaban are 20 mg OD and 5 mg apixaban BID. In ROCKET-AF and ARISTO-TLE, the reduced doses of rivaroxaban (15 mg OD) and apixaban (2.5 mg BID) were tested only in patients with reduced eGFR and therefore those doses are not tested for efficacy in patients with increased bleeding risk but normal renal function. Consequently, the standard doses should be used. Rivaroxaban 15 mg OD is suitable for patients with eGFR 15-50 mL/min/1.73 m 2 if renal function is normal, but if there is co-existence of factors such as older age, use of antiplatelet drugs, or use of clarithromycin, the reduced dose may be considered [19] . For apixaban, the reduced dose of 2.5 mg BID is recommended if 2 of the following 3 factors coexist: age > 80 years, creatinine > 1.5 mg/dL, and weight < 60 kg. However, although in such cases eGFR is usually expected to be <50 mL/min/1.73 m 2 , it is advisable to also calculate GFR. For example, an 81-year-old male patient weighing 58 kg with creatinine 0.6 mg/dL has an estimated eGFR of 79 mL/min/1.73 m 2 and should not be denied the protective dose of the standard dose of apixaban.
Finally, the standard dose for edoxaban is 60 mg OD. The reduced dose of 30 mg OD is recommended if at least 1 of the following 3 factors is present: eGFR 15-50 mL/ min/1.73 m 2 , weight < 60 kg, concomitant use of cyclosporine, dronedarone, erythromycin, or ketoconazole.
